4 - THE OPTIMAL LEVEL
OF POLLUTION

41 POLLUTION AS EXTERNALITY

The economic definition of pollution is dependent upon both some
physical effect of waste on the environment and a human reaction to
that physical effect. The physical effect can be biological (e.g. species
change, ill-health), chemical (e.g. the effect of acid rain on building

surfaces), or auditory (noise). The human reaction shows up as an_

expression of distaste, unpleasantness, distress, concern, anxiety. We
curmarise the human reaction as a loss of welfare. As Chapter 2
indicated, terms such as ‘utility’ or ‘satisfaction’ are, fof our purposes,
synonymous with welfare. A
We now need to distinguish two possibilities for the economic
meaning of pollution. Consider an upstream industry, which
discharges waste to a river, céfﬁsing some loss of dissolved oxygen in
the water. In turn, suppose the oxygen reduction causes a loss of fish

stock in the river, incurring financial and/or recreational losses to
anglers downstream. If the anglers are not compensated for their loss
of welfare, the upstream industry will continue its activities as if the
damage done downstream was irrelevant to them. They are said to
create an external cost. An external cost is also known as a negative
externality, and an external diseconomy. If we were considering a
situation where one agent generates a positive level of welfare fora
third party, we would have an instance of an external benefit
(positive externality, ot external economy).

An external cost exists when th_e_following two conditions prevail:

1. An activity b){._pne_agéﬁ@aus‘es a loss of welfare to.another.agent:
2. The loss of welfare is uncompensated.
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Note that both conditions are essential for an external cost to exist.
For example, if the loss of welfare is accompanied by compensation
by the agent causing the externality, the effect is said to be
internalised. This distinction will be made clearer shortly.

42 OPTIMAL EXTERNALITY

The first fundamental féature of the different definitions of
externality has already been noted: the physical presence of pollution
does not méan that ‘economic’ pollution exists. The next observation
is equally important, but much less easy to understand - even if
‘economic’ pollution exists it is unlikely to be the case that it should
be eliminated. This proposition can be demonstrated using
Figure 4.1.

In Figure 4.1, the level of the polluter’s activity, 0, is shown on the
horizontal axis. Costs and benefits in money terms are shown on the
vertical axis. MNPB is ‘marginal net private benefits’. A formal

derivation of MNPB, in the context where thehpolluter is a firm, is

given in Appendix 4.1. But an intuitive explanation is also possible.

The poIluter will incur costs in undertaking the activity that happens
to give rise to the pollution, and will receive benefits in the form of
revenue. The difference between revenue and cost is private net
benefit. MNPB is then the marginal version of this net benefit, Le;

the extra net benefit from changing the level of activity by one unit.

MEC is_the ‘marginal external cost’, I. e. the value of the extra
damage done by pollutlon arising f from the activity measured by 0.
It is shown here as rising with output Q. We c0n51dcr other possible
shapes for MEC in Appendix 5.2.

We are now in a position to identify the optimal level of
externality. It is where the two curves intersect, i.e. where MNPB =
MEC. Why is this? We first offer an intuitive explanation. Since the
two curves are marginal curves, the areas under them are ‘total’
magnitudes. The area under MNPB is the polluter’s total net private
benefit, and the area under MEC is total external cost. On the
assumption that the polluter and sufferer are equally deservmg - Le.
we do not wish to weight the gains or losses of one party more than
another’s — the aim of society could be stated as one of maximising
the sum of benefits minus the sum of costs. If so, we can see that
triangle OXY is the largest area of net benefit obtainable. Hence, 0*

B
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Figure 41 Economic definition of optimal pollution.

is the optimal level of activity. It follows that the level of physical
pollution corresponding to this lex level of activity is the optimal level of
p_(lIlI_IEQ_I}J Finally, the optimal amount of economic damage
corresponding to the optimal level of pollution O* is area oYQ* -

_.externality. > -

“This esult can also be derived formally. At Q*

MNPB = MEC || (4.1)
but (from Appendix 4.1)

MNPB=P - MC (4.2)

ghere MC is the marginal cost of producing the polluting product.
ence =

et

P-MC=MEC | (4.3)
or .
P = MC + MEC = (4.4)

Now, MC + MEC is the sum of the marginal costs of the activity

geﬁleratmg the. externallty It is margmal social cost (MSC). Hence
when
/

e
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- P

A ‘ /
MNPB=MEC, P= MSQ ) ' (4.5)

’_"‘Price equals marginal social cost’ is the condition-for_Pareto

'optimality. We do not demonstrate this here - any undergraduate
microéconomics or welfare economics text should contain a proof.

4.3 ALTERNATIVE DEFINITIONS OF POLLUTION

Popular literature on pollution, and sometimes the scientific
literature too, speaks of ‘eliminating’ pollution. The above discussion
explains why the typical economic prescription does not embrace this
idea. In Figure 4.1 the elimination of pollution can only be achieved
by not producing the polluting good at all. But, the laws of
thermodynamics imply that there can be no such thing as a non-

. polluting product. Hence to achieve zero pollution we would have to

‘have zero economic activity. Calls for ‘no pollution’ thus appear
'illogical.

The situation is not quite as extreme as this, however, We need to
modify Figure 4.1 in an important respect if we are to try to make
compatible the economist’s and the scientist’s presciptions about
desirable levels of pollution. In Chapter 2 we saw that the natural
environments which receive waste products can be characterised as
having a certain ‘assimilative capacity’ - they can receive a certain
level of waste, degrade it and convert it into harmless or even
beneficial products. If the level of waste, W, is less than_this
assimilative capacity, 4, lh@:ggme externality will still occur as the
process of degradation and conversion takes place. But if W exceeds
A afurther process of degradation will also occur, for A itself will be
impaired. Disposing of waste to environments that cannot handle it
simply reduces the capacity of that environment to deal with more
waste.

To some extent we can capture this idea of assimilative capacity by
observing that the MEC curve in Figure 4.1 should really have its
origin at some positive level of economic activity Qa. Below _this

level, the only kind_of externality will be ‘temporary’ —the

environment..will_eventually return to normal once the waste
degradation process has taken place. On the/assumption that we can

ignore this temporary externality for the moment, the MEC curve
appears as in Figure 4.2. (Note that MEC begins at Qx only if people

s

| entail zero economic activity. Ina s
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Figure 4.2 Optimal pollution levels with positive assimilative capacity.

notice the physical effects then. Otherwise it can begi:.l even further to
the right along the horizontal axis. In the extreme, if perle do not
care about the physical effects of the waste flows there is no MEC
00%23;63112.2 does not alter any of 'the analysis_ about the
economically optimal level of externality. The ﬁn(!mgs ot: the
previous section stand. But we can now-see-that the _idea of ‘zero

,pollution’ is not, after all, quite so silly as if first a e.arcq._ Zero
' pollution is still non-optimal, as Figure 4.2 shows, but it does not

tatic world the difference between
the economist’s optimum and the scient.ist’s Prescription is likely to
be significant. As we shall see later in th1§ text, once dynamic
considerations are introduced the difference 1s not so marked, and
may not exist at all. ‘ N

Figure 4.2 also shows how theflevel.ofﬁcggll(_)._@}g activity gglﬁqtﬁgsrj:p
the level of waste emitted. Assuming waste s ¢ directly proportional to

the level of activity we can simply translate any.amount of Q .intc}
some corresponding level of W. Just as Q* is the optimal level o
economic activity, so W* is the optimal level of waste-producing

pollution. Later we shall have occasion to modify this picture: if the
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polluter adopts pollution abatement equipment, Q can increase
without the corresponding W - recall that the First Law of
Thermodynamics still dictates that W will be proportional to Q -
affecting the environment. Basically, some of the W is ‘redirected’ so
that it does not affect the environment. Once again, we see that the
‘zero pollution’ prescription has some foundation. Zero waste is an

| impossibility, but zero quantities of waste affecting the environment

is less fanciful.

“Finally, Figures 4.1 and 4.2 are basic to most of the analyses in the
chapters that follow. It will therefore pay the reader to study them
carefully. Because the subsequent analysis is generally not affected by
the starting point of the MEC curve we will, for notational
convenience, tend to use the MEC curve shown in Figure 4.1. When
it is necessary to introduce the effects of positive assimilative
capacity, we will adopt Figure 4.2.

4.4 TYPES OF EXTERNALITY

We are now in a position to define some further terms. In terms of
Figure 4.1,

Area B = the optimal level of externality

Area A+B = the optimal level of net private benefits for the
polluter

Area A = the optimal level of net social benefits

Area C+D = the level of non-optimal externality which needs to
be removed by regulation of some sort

Area C = the level of net private benefits that are socially
unwarranted

o* = the optimal level of economic activity

Or = the level of economic activity that generates maxi-

mum private benefits

Figure 4.1 thus demonstrates a very important proposition: in the
presence of externality there is a divergence between private and
social cost. If that divergence is not corrected the polluter will
continie to operate at a point like Qm in Figure 4.1. At O, private
benefit is maximised at A + B + C, but external costis B+ C + D. So,
net social benefit = A + B+ C-B - C - D = A - D, which is clearly
less than A, the net social benefits when the polluter’s activity is
regulated to O*.
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Externality level C + D is said to be Pareto relevant because its
removal leads to a ‘Pareto improvement’, i.e. a net gain in social
benefits. Externality level B is Pareto irrelevant because there is no

need to remove it.

45 WHO ARE THE POLLUTERS?

We have deliberately refrained from classifying polluters. The typical
‘image’ is that polluters are firms. But it is also the case that polluters
are individual people — car drivers create noise and cause accidents,
people who play radios in and out of doors cause noise nuisance, and
so on. Indeed, the general combinations are as follows:

Externality Generator
Firm

Firm

Individuals
Individuals
Government
Government

Externality Sufferer

Firm 4 (J%:{_,lf'}lrc,-i?.-g-i_ TV

Individuals Lo e o
Firm S AND n o LV LRy
Individuals

Firm

Individuals

The inclusion of government as a creator of externality acknow-
ledges that governments often generate external effects through poor

legislation and rules.

’

4.6 CONCLUSIONS

[

. Scientists tend to define pollutidn differently to economists.

2. For the economist, pollution is an exzernal cost and occurs only
when one or more individuals suffer a loss of welfare.

3. Even then, economists do not typically recommend the
elimination of externality because they argue that the optimal

externality is not zero.

4. The idea of ‘zero pollution’ is not, however, absurd. At least two
considerations make it more reasonable than it appears at first
sight. These are (a) the fact that the environment tends to have a
positive assimilative capacity, and (b) the fact that it is possible, to
some extent, to divorce economic activity from waste flows

!
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affecting the environment by introducing pollution abatement.
5. Itis wrong to think of ‘polluters’ only as firms: individuals pollute.
So do governments.
6. Caveat — the analysis in this chapter has assumed perfect
competition. As we shall see, some of the conclusions do not hold
. when we relax this assumption. :
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Figure A4.1 Deriving the MNPB curve
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APPENDIX 4.1: DERIVING A MARGINAL NET PRIVATE
BENEFIT CURVE

Chapter 4 introduced MNPB in a general way. To give it more
formal meaning we can look at how it is derived in the context of the
theory of the firm. Figure A4.1 shows a demand and marginal cost
curve for a perfectly competitive firm. (The type of competition is
important — we shall see later in the text that the definition of MNPB
given here does not hold for imperfectly competitive conditions.) By
subtracting marginal cost (MC) from price (P), we derive a marginal
profit curve (Mm). M shows the extra profit made by expanding
output by one unit. Clearly, total profits, the area under M, are
maximised when M = 0. Profit is equivalent to the net benefit
obtained by the firm. Hence, marginal profit is formally equivalent
to marginal net private benefits.
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5-THE MARKET ACHIEVEMENT
OF OPTIMAL POLLUTION

5.1 PROPERTY RIGHTS

Chapter 4 demonstrated that a socially optimal level of economic
activity does not coincide with the private optimum if there are
external costs present. The issue arises therefore of how to reach the
social optimum. Some form of intervention by government would
seem to be necessary. Before looking at the various forms of
regulation that might be applied, it is important to probe a little
further to be sure that markets will not ‘naturally’ achieve the
optimal level of externality. _

It is the contention of one school of thought that even if markets
may not secure the optimum amount of externality, they can be very

" gently ‘nudged’ in that direction without the necessity for full—sca!c
| regulatory activity involving taxes or standard-setting. This basic
| idea was first propounded in a paper by Ronald Coase (1960). To
. understand the argument we have first to establish the concept of
.| ‘property rights’.

Despite the apparent meaning of the phrase, a property right
relates to the right to use a resource. This might mean the right to
cultivate crops on land that is owned, the right to use one’s own
house, and the right to use the natural environment in a particular
way. Such rights are rarely, if ever, absolute: they are circumscribed
in some way by the generally accepted rules of society. The right to
cultivate land does not usually carry with it the right to grow opium
poppies or even giant hogweed (which is capable of causing quite
severe skin irritation). The rights are said to be ‘attenuated’. Note
that “property’ has a much wider meaning than in everyday language,
it can refer to any good or resource. Similarly, the environment is
a resource and hence ‘property’.
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Rights can be private, i.e. owned by readily identifiable
individuals, or communal Where the use of the property in question is
shared with others. The Iatter kind of property is known as common
property. Before the enclosures of land inEngland, grazing land was
often common property: many individuals could graze their animals
on the land. In a great many developing countries, land is owned
communally. We consider in Chapters 16 and 17 whether the way in
which property rights are held helps to explain the process of natural
resource degradation, but for the moment we are interested in the
general concept of property rights.

5.2 THE POTENTIAL FOR MARKET BARGAINS IN
EXTERNALITY

Figure 5.1 repeats the basic optimal externality diagram in Chapter 4.
Recall that, left unregulated, the polluter will try to operate at Qw
where his profits are maximised. But the social optimum is at Q%.
The workings of the market and the goal of a social optimum appear
to be incompatible.

Now consider a situation in which the sufferer has the property
rights. What this means is that the sufferer has the right not to be
polluted and the polluter does not have the right to pollute. In that
case the starting point is surely the origin in Figure 5.1. The sufferer
will prefer that no pollution at all takes place and, since he has the
property rights, his view will hold the biggest sway. But now consider
whether the two parties — polluter and sufferer - might ‘bargain’ over
the level of externality. Suppose the issue is whether to move to point d
or not. If they moved to d, the polluter would gain Oabd in total
profit, but the sufferer would lose Ocd. But since Oabd is greater
than Ocd, there is potential for a bargain. Very simply, the polluter
could offer to compensate the sufferer by some amount greater than

~Ocd, and less than Oabd. The polluter will still have a net profit.

Moreover, the sufferer would be better off: although he would lose
Ocd, he would gain more than that in compensation. If such a
bargain could be struck, the move to d would be seen to be an
improvement for both parties (such a move is known as a ‘Pareto
improvement’ since at least one party is better off and no party is any
worse off). But if the move from O to d is a social improvement so is
the move to e (simply repeat the argument). Indeed, so is a further
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Figure 5.1 Optimal pollution by bargaining,

move to O*. But any move to the right of Q* is not feasible because
the polluter’s net gains then become less than the sufferer’s losses —
hence the polluter cannot compensate the sufferer to move beyond
O*. Thus, if we start at O and the property rights belong with the
suff_erer, there is a ‘natural’ tendency to move to Q% the social
optimum.

Now imagine that the property rights are vested in the polluter.
The starting point is Qm because that is the point to which the
polluter will go given that he has every right to use the environment
for his waste products. But it is now possible for the two parties to
come together again and consider the move from Qw back to f. But
this time the sufferer can compensate the polluter to give up a certain
amount of activity. Since the sufferer would have to tolerate a loss of
fhiQr if the move to f does not take place, he will be willing to offer
any amount less than this to make the move. The polluter will be
willing to accept any amount greater than fgQm, the profits he will
have to surrender. The potential for a bargain exists again and the
move to f will take place. But if the move to f is a social improvement,
so is the move from f to j and from j to Q*. Hence Q* is once again
the level of activity to which the system will gravitate.

So long as we can establish a bargain between polluter and
polluted, the market will, on the above argument, take us to Q*
which is the social optimum. The potential importance of the
argument can now be seen, for regardless of who holds the property
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rights, there is an automatic tendency to approach the social
optimum. This finding is known as the ‘Coase theorem’, after Coase '
(1960). If it is correct, we have no need for government regulation of
externality, for the market will take care of itself.

5.3 CRITICISMS OF THE COASE THEOREM

Clearly the theorem is of considerable potential importance since it
removes the necessity of government regulation of pollution
problems (and also threatens to render the next few chapters
redundant!) But, despite its elegance, there are many problems with
the Coase theorem. We consider the main criticisms only.

The state of competition

Chapter 4 was careful to point out that the analysis of optimal
externality assumed perfect competition. It was on this basis that we

saw that
MNPB=P - MC
and, hence,
(MNPB = MEC) entails (P = MSC)

In terms of the bargaining approach, what is being assumed is that
MNPB is the polluter’s bargaining curve. It is this to which he refers
when deciding how much to pay, or how much to accept, in
compensation. But suppose that perfect competition does not
prevail. Then P — MC is no longer the bargaining curve because it
will not be equal to MNPB. If the polluter is a firm, it should be
fairly evident that his bargaining curve is his marginal profit curve
(see Appendix 4.1) and, under imperfect competition, this is equal to
marginal revenue minus marginal cost, i.e.

MNPB = MR - MC s

Under imperfect competition, MR is not equal to P because the,
demand curve is above the marginal revenue curve. It follows that
the bargaining solution does not apply under imperfect competition.

How serious this is as a criticism depends on two things. First it
depends on how different we think the real world is from perfect
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competition. While some economists would argue that the amount of
competitive ‘imperfection’ (or monopoly) is not very great, our view
is that perfect competition is a convenient fiction for constructing
economic models, but it is remote from describing the real world.
i Thus, the existence of imperfect competition provides the basis for a
' serious criticism of the Coase theorem. The second-point.is more
complicated and is dealt with more formally in Appendix 5.1} The
possibility exists that the bargaining curve of the polluter can be
defined as one relating jointly to the interests of polluters and
consumers. They need then to bargain with the sufferers of the
pollution. While the approach is technically correct, it requires 2y
rather fanciful involvement of producers (polluters), consumers and(\
sufferers all in one bargain. It does not therefore seem at all realistic. |

The absence of bargains and the existence of transaction

The second criticism of the Coase theorem is that we are probably all
rather hard-pressed to think of real-world examples of such bargains
taking place. It is true that some electricity-generating authorities
‘bargain’ with the local population to accept nuclear power stations
or waste disposal facilities, perhaps offering cash compensation or a
contribution to local facilities. There are also examples of
international bargains between countries that suffer pollution and
countries that create it, but they typically involve common property
resources, and we deal with that issue later. But Chapter 2 indicated
that externality is likely to be pervasive because of the materials
balance principle. We should therefore be able to point to many such
bargains rather than to isolated examples. The fact that we do not
observe many examples of the bargains taking place suggests that

there are either obstacles to them, or that the Coase theorem.is not

rooted in real-world economics. , ..

The response of those who believe in the market bargain approach
is that there are indeed obstacles to bargaining in the form of
(ransactions costs. Such costs include those of bringing the parties
together, organising often widely distributed and difficult-to-identify
sufferers, the actual bargain itself and so on. If the transactions costs
are so large that any one party’s share of them outweighs the
expected benefits of the bargain, that party will withdraw from the
bargain, or not even commence it. Moreover, it seems likely that
transactions costs will fall on the party that does not have the
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property rights. But transactions costs are real costs — we have no
reason for treating them differently to other costs in the economy.
Thus, if transactions costs are very high all we appear to be saying is
that the costs of the bargain outweigh any benefits. In that case it is
optimal that no bargain occurs.

Caxjried to this level the argument quickly becomes redundant, for
what it says is that bargains will either take place or they will not. If
they do, then the amount of externality emerging will be optimal (by
tpe Coase theorem). If they do not take place, it is also optimal for it
simply means that transactions costs exceed expected net benefits
from the bargain. We have an unfalsifiable theory about optimal
externality. It says that all the externality we observe is optimal
externality and hence there is no need to do anything about it. But
the proof involves non-falsifiable statements and hence the argument
is non-falsifiable.

Nonetheless, the transactions costs argument serves to remind us
of some important caveats in any recommendation about regulation
of externality:

1. Simply because we observe externality it does not mean that
_something should be done on grounds of economic efficiency — we.
_might be observing Pareto-irrelevant externality (Chapter 4). This
kind of mistake is in fact very common, as with statements to the
effect that ‘all’ pollution should be eliminated, or tobacco smoking
should be prohibited and so on.

2. The existence of high transactions costs might explain why
government intervention occurs. For high transactions costs do
not entail that the externality is optimal at all - instead it may
simply be that government intervention is cheaper and can achieve
optimality. ’ : '

Letting T = transactions costs, B = the gain from the bargain for the
Party bearing the transactions costs, and G = the cost of government
intervention, we might summarise the possibilities as follows:

« If T'<< B, a bargain might take place (see below for reasons why
they might not occur in this context).

 If T> B, a bargain will not occur, but some other regulatory
approach might occur.

* If T> G < B, government regulation is likely to occur, and it will
be efficient.
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Finally, note that while transactions costs. may leave some of the
bargaining theory intact, their existence means that the optimal level
of activity is no longer invariant with. the allocation of property
rights. It will matter who bears the transactions costs.

Identifying the bargaining parties

Even if transactions costs are less than the benefits to be obtained
from a bargain, no bargain may take place. Many pollutants are
long-lived - they stay in the environment for long periods of time and
may affect people years, decades or even hundreds of years from
now. If so, the people who are going to be affected by the pollution
may not yet exist, and it is then not possible to speak of the two
parties coming together to bargain. Toxic chemicals, radioactive
waste, ozone layer depletion and global carbon dioxide pollution all
fit this category, among many others. At best, some groups in the
present generation would have to bargain on behalf of future
generations. The idea of future generations having such representa-
tives is of course not fanciful — many regulations reflect that kind of
interest — and typically we expect governments to take on this role.
But the contexts involved are usually common property ones and the
outcome is usually some attenuation of the rights of polluters.

A further problem of identifying the polluters and the sufferers
arises in cases of open access resources. An open access resource is
one owned by nobody (common property resources are owned by an
identifiable group). In such cases it is not clear who would bargain
with whom since no one individual has an incentive to reduce his or
her access to the resource.™ ™ P ke RO

Lastly, even in conventional pollution contexts it is often difficult
to say who the polluters and sufferers are. Sufferers may be unaware
of the source of pollution from which they suffer, or even unaware
that damage is being done. This is often the case for air pollutants
and water pollutants. Indeed, this situation seems likely to
characterise the majority of pollution situations. The costs of
generating the information for the sufferers need to be added to the
costs of transacting any bargain. The likelihood of bargains being
socially efficient even if they occurred is also remote given the need to
identify damage done and its distribution among sufferers. Of
course, this kind of problem will arise for regulatory solutions as
well. Governments have to find information on damage.
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Common property contexts :

: \ NG
We noted earlier that property rights can be private or communal. In

the communal case a kind of mutual, bargain among users of the A0

property can occur. Each user agrees to restricft his usage of the
resource in the interest of its longer-term sustamablq use for the
community as a whole, and for later generations. This is c?l!ed a
cooperative solution to a problem of assurance. Each_ 1nd1vu?ua.l
needs assurance that others will also behave in a cooperative fashion,
otherwise there will be a temptation to ‘break ranks’ and _scck the
maximunt~ private gain. Despite a volumi.nous_ the(?re.:tlcal and
empirical literature on such ‘game theoretic’ situations, it is not easy
to say why some common property contexts are subject to
cooperative solutions and others break dowq. But frm:n the
bargaining theory point of view the important point to note is that
each user of the common property is the polluter (or resource user)
and each individual user is also. the beneficiary. In terms of the
previous diagrams, MNPB and MEC ‘belong’ to the same people.
Rational cooperative individuals will therefore net out the costs and
benefits to arrive at their own personal O* so that the sum (?f the
individual positions will be the social optimum. .Nonethcless it f:an
pay an individual to move beyond Q* if he or she. judges they can getf
away with it’ and make fairly large short-term gains at the expense 0
the other users now and in the future.

Threat-making

One other problem with the bargaining solution is that i_t offers
potential for making an economic activity out of threat-making. If a
sufferer compensates a polluter because the polluter t}as t]}e property
rights, it is open to other ‘polluters’ to_cn_ter the situation and to
demand compensation. Threat-making is ha'rdly a rational use of
scarce economic resources. Possibly the situatlo_n can be corrected'by
carefully defining who is entitled to plroperty rights, e.g. by denying
them to potential threat-makers, but it has to be acknowledged tl;lgt
compensation schemes for potential polluters_ have suffered t 1}31
difficulty. In some countries it is possible to receive government cas

for not engaging in cultivation, the 1dez.1 being to protect
environmentally valuable land and reduce agricultural st'lrp]uscs. It
seems likely that some farmers could say that they are going to farm



78 ECONOMICS OF POLLUTION

an area of wetland even if they never intended to, gaining
‘compensation’ in the process.

The Coase theorem is important in forcing advocates of
environmental regulation to define their terms and justify their case
more carefully than they might otherwise have done. But there are
many reasons why bargains do not, and cannot, OCCUT. An
investigation of those reasons may help to explain why government
regulation is the norm in pollution contexts.

APPENDIX 5.1: RESURRECTING THE COASE THEOREM
UNDER IMPERFECT COMPETITION

Buchanan (1969) has suggested a way in which the Coase theorem
might be resurrected under imperfect competition. Figure AS5.1
shows the imperfectly competitive firm together with the profit
maximising position, g, the bargaining outcome if marginal profit
is the bargaining curve, and the bargaining outcome if the curve
P — MC is used as the polluter’s bargaining curve. We see that

MC+MEC=MSC

R S Yo e
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P - MC = MEC does secure an optimum. But P - MC is not equal to
marginal profit, so we need to re-interpret P — MC. It is in fact a
‘marginal surplus’ curve, the marginal change in combined producer
and consumer surplus. If this is set equal to MEC and the two curves
are bargaining curves, then an optimal outcome occurs. The
implication is that the bargain now needs to take place between the
polluter, the consumer of the polluter’s product, and the sufferers.
Such ‘tripartite’ bargaining restores the Coase theorem. The
problem, of course, is exactly what this means in practice since it is
difficult to envisage such tripartite bargaining taking place.

APPENDIX 5.2: NON-CONVEXITY AND THE MARKET
BARGAIN THEOREM

Several writers have pointed out that normal presentations of
externality contexts assume ‘well-behaved’ marginal external cost
and marginal profit functions such that a unique, stable equilibrium
is_secured. Figure A5.2 shows some possible results of assuming
‘non-convexity’. In (a) we show a decreasing MEC function which
cuts MNPB from above. In this situation it can be seen that point E
is not an optimum (total external costs exceed total private benefits)
nor is it a stable equilibrium since, to the right of E, polluters can
compensate sufferers to accept pollution increases, and to the left of
E, sufferers can compensate polluters back to zero output. In (b)
MEC slopes downwards but cuts MB from below. In this case E is
both stable and an optimum. This situation in (a) causes difficulty for
the bargaining solution, although we may note that, if property
rights are vested in polluters, and Q is therefore the starting point,
the absence of a bargain will be Pareto optimal if total external costs
at O are less than total private benefits. More to the point, we must
ask whether a declining MEC is at all realistic. One argument is
( essentially that firms cannot lose more than their fixed costs. If the
externality causing the firm’s loss reaches an amount equal to the
firm’s profits calculated as an excess over variable costs, the firm will
close down, causing a discontinuity in the MEC curve such that
MEC = 0. It is not clear, however, whether this particular argument
gives rise to any serious problem. It is perhaps better to think of this
case as setting a limit within which any externality correction policy
can take place. Nor does it mean that the MEC curve has to slope




6 - TAXATION AND OPTIMAL
POLLUTION

6.1 INTRODUCTION

Recall that the aim of pollution regulation is assumed to be one of
finding ways of reaching Q*, the socially optimal level of pollution.
Chapter 5 asked whether we needed to look for any government-
initiated ‘economic instruments’ — taxes, regulations, etc. — at all. We
concluded that ‘markets in externality’ were feasible in a limited
number of cases, but that, generally, some form of intervention
would be required. - A

Many economists advocate a particular type of intervention — a
tax on the polluter based on the estimated damage done. Dama}ge
is another word for external cost. Such a tax is known as a Pigovian
tax, after Arthur C. Pigou (1877-1959) who was Professor of
Political Economy at Cambridge University from 1908 to 1944. In
his Economics of Welfare (first published in 1920) he proposed a tax
as a suitable means of equating private and social cost. Pigovian
taxes tend to be known today as pollution charges, and some
examples of charges which approximate Pigovian taxes do exis1_:.

In this chapter we look at the theoretically ‘ideal’, or ‘optimal’

Pigovian tax. It is as well to remember, however, that no real-world

charge could come close to the theoretically correct Pigovian tax.
Instead of ‘optimal’ levels of pollution and optimal taxes, we tend to
speak of ‘acceptable’ levels of pollution. It so happens th_at pollution
charges in general are not very common. The main form of
" regulatory instrument used throughout the world is the standard. We
will offer some explanations in this chapter for the general neglect of
tax/charge solutions.
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6.2 THE OPTIMAL PIGOVIAN TAX

Look at Figure 6.1 which repeats the pollution diagram introduced
in Chapter 4. If we imposed a tax on each unit of the level of activity

giving rise to pollution, and made the tax equal to #*, we can see that
such a tax would have the effect of shifting MNPB left towards
(MNPB - *). Very simply, £* has to be paid on each unit of activity,
so that the mz_i_r_g__]'_p;‘ilmngg‘._bfﬁé_‘ﬁ_ti is reduced by _r*. The polluter will
now aim to maximise private net benefits, subject to the tax, and this
occurs at O*. The tax #* is thus an optimal tax (because it achieves
the social optimum at Q*). How is t* determined? It is equal to MEC

at the optimum. This defines an optimal Pigovian tax - it is equal to

the marginal external cost.(i.e. marginal pollution damage) at_the
optimal level of pollution. A damage function tells us how pollution
damage varies with the level of pollution emitted, and what the
monetary value of that damage is. (It should then be possible to

relate it back to the level of activity of the polluter.) Indeed, there are

"quite a few steps involved in finding such damage functions. The

sequence is:

Economic activity of the polluter — Pollution emissions — Pollution
concentration in the environment — Pollution exposure — Physical
damage function — Monetary value of damage

Appendix 6.1 shows this sequence in more detail for power station
emissions. The need to find the whole damage function (or a good
part of it) arises because we want to find the optimal level of
pollution — i.e. we need at least some part of MEC in Figure 6.1. A
single point is no good to us if we are designing pollution taxes. We
review the techniques for finding damage functions in Chapter 10.

But not only do we need a good part of the MEC function, we also
need to know MNPB. If the polluter is a firm this may be very
difficult because of commercial confidentiality of information.
Indeed, many economists consider that the government, as the taxing
authority, is in a poor position to extract this information. This
asymmetry of information between the polluter and the regulator is
often regarded as an objection to any form of government
intervention.

In practice, these informational difficulties may not be
overwhelming. We may only be concerned to get the right direction
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Figure 6.1 The optimal pollution tax.
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of_change in_pollution,leyels, rather than achieve..a theoretical
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optimum. If so, charges are surelya proper weapon in the regulatory
armoury. o e

6.3 ILLUSTRATING THE OPTIMAL PIGOV
IAN TAX
MATHEMATICALLY

Net sgcial be.m‘aﬁts (NSB) are made up of the gross benefits of the
pollutmg activity minus private costs C, minus external costs, EC:
Le. T

NSB = PQ - C(Q) - EC(Q) (6.1)

vffhere P is price, Q is output (polluting activity) and P is parametric
(ie. P does not depend on Q as it would under imperfect

competition). Then,
INSB_ , 9C_OEC_ 6.2)

50 790 a0 "

is a first-order condition for maximising NSB. Hence

| 9c aEc! asc
flp=Bh 05 L POl ‘
' a0 90 | d9Q =
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where SC is equal to private costs (C) plus external costs (EC), is a
requirement for maximum NSB. Alternatively,

p_9C_JEC
a0 dQ

or (6.4)

dNPB _ dEC

30 90

where NPB is net private benefits, i.e. price minus private costs.
Equation (6.3) is the rule that price of the polluting product must equal
marginal social cost. Equation (6.4) rearranges equation (6.3) to give
the optimisation rule we have been using, i.e. marginal net private
benefits should equal marginal external costs. Using equation (6.3)
we see that it can be met if we impose a tax, *, where

s = JEC (6.5)
00*
where Q* is the level of activity, solving equation (6.3). Then,
_adC (6.6)
P=3g" "

6.4 POLLUTION CHARGES AND PROPERTY RIGHTS

There is a further ‘problem’ with the pollution charge. Figure 6.2
repeats Figure 6.1, but this time we have shaded in the amounts of
tax charged. Thus, if the polluter continued to produce at Qm he
would be liable for a total pollution tax bill of Obd Q* + Q*deQm (the
reader should confirm that these are equal to areas acdQ* and
Q*d O, respectively). Now, O*de O — the dotted area — will not be
paid because the tax bill exceeds the net private benefits of output
Q* Q. Instead the polluter will move back to O* to avoid the tax,
just as the theory requires. So far there are no surprises. But once at
Q* the polluter still pays ObdQ* despite the fact that he is now
emitting the optimal amount of pollution. The polluter appears to be
being penalised twice — once by losing profits (assume the polluter is
a firm) to get back to Q* in order to avoid the tax, and again when he
is operating at the optimal level of pollution. sy

Is this socially justified? The answer to this is that it depends on

a
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Figure 6.2 Pollution taxation and property rights.

our view of property rights. If the firm has no right to use the
environment for emitting wastes, then the pollution charge Obd 0* is
a charge for using property belonging to others (the state, say). If the
firm has every right to use the environment as it sees fit, then not only
is the charge on optimal pollution wrong, but so is the charge that
would apply between O0* and Qm in Figure 6.2, i.e. the charge concept
is wrong altogether. Lastly, we might say that the firm has no right to
pollute above (Q*, but every right to emit the optimal level of
pollution (associated with OQ¥).

It is evident, then, that the design of pollution tax depends on what ~

view is taken of the polluter’s rights to use the environment as a ‘waste
sink’. Those rights may be enshrined in law, but are often a mix of
legal interpretation and traditional practice. Appendix 6.2 raises a
fourth issue about the design of Pigovian taxes.

6.5 POLLUTION CHARGES AND ABATEMENT COSTS

A feature of pollution charges is that they should encourage the
installation of pollution abatement (or ‘control’) equipment. Thus, it
is possible to remove particulate matter and sulphur from chimneys
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with ‘precipitators’ and ‘scrubbing’ equipment, to treat sewage before
it is emitted to water, and so on. So far we have assumed that the
polluter adjusts to the pollution charge by altering the level of
activity giving rise to the pollution. In order to_ allow for th the
abatement equipment option we 1ntr0duce a new dlagrarn In Figure
6.3 we see the familiar MEC curve but we have d1spcnsed with the
MNPB curve. Instead, MAC is a marginal abatement cost curve. (It
is shown as a straight line for convenience: in reality it is likely to be
curvilinear or ‘stepped’.) The horizontal axis now shows the level of
pollution. MAC shows the extra costs of reducing the level of
pollution by expenditures on abatement. For example, the margmal
cost of reducing pollution just below level W, is MAC,. The marginal
cost of reducing pollution below W, however, is MAC,. That is, the
lower the level of pollution the higher is the marginal cost of reducing
it Still further. This may seem odd at first sight, but it reflects a
general emplrlcal observation. It is comparatively cheap to ‘clean up’

initial amounts of heavy pollution, but once we get to very little
pollution reducing it further requires advanced forms of treatment,

Cost
MAC;
MACG,
g
0 W Wi Pollution
4= Pollution
abatement

Figure 6.3 Optimal pollution: the abatement cost-external cost approach.
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Figure 6.4 The abatement cost-net benefit relationship.

using chemicals, special filtering equipment, and so on. Hence the
general shape of MAC. )

Now the optimal level of pollution in Figure 6.3 is where
MAC = MEC. This looks very similar to our previous result
(MNPB = MEC). Indeed, there is a formal connection. Previously we
dealt with cases where the polluter adjusted to a tax by reducing
output. We noted that the net cost to the polluter of doing this was

. the foregone profit (net private benefit). So, MNPB could be thought

of as an abatement cost curve in the context where only output
reductions can be used to reduce pollution. MAC is then simply the
analogue of this cost curve, but in a context where abatement
equipment is the means of reducing pollution. -

Indeed, we can superimpose the MNPB function on Figure 6.3.
This is shown in Figure 6.4. From a to b, MAC < MNPB which
means it is cheaper to abate pollution than reduce output. From b to
O, however, output reduction is cheaper than abatement. Hence it is
the ‘arrowed line’ that shows the ‘least cost’ path of reaction to
regulation. This provides an intuitive proof that MAC.=, MEC
defines an optimum, for we know that MNPB = MEC defines an
optimum, and MNPB is simply MAC when output reductions are
the only way of responding to regulation.

Finally, note that the optimal Pigovian tax is once again #*, which
is now equal to MEC at the optimal level of pollution and MAC at
the same pollution level.
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6.6 A FORMAL PROOF THAT@[AC = ME’(;/P\RODUCES
OPTIMAL POLLUTION ~~——

Let Qc be the flow of economic output produced with pollution
control, and QO be the flow without control. Then,
Oc = On — TAC s 6.7)

where TAC is the total costs of abatement. Let the value of services of
the environment with pollution control be Ec, and without control
En. Then

Ec= Exn—TEC - (6.8)
where TEC is the total external (damage) cost. Total social benefits
are (Qc + Ec) in the economy, s0

TSB + Qc + Ec = On - TAC + Ex - TEC (6.9)
= On+ Ex - [TAC + TEC]
Now, pollution, W, affects TSB, TAC and TEC, so

JTSB __[4TAC , ITEC] _, (6.10)
W~ 9w oW

is a condition for maximising TSB. Or

(-)MAC = MEC (6.11)
(The minus sign simply indicates that we ‘read’ MAC from right to
left.)

Note that equation (6.9) also tells us that maximising TSB is the
same as minimising (TAC + TEC), i.e. minimising the sum of
abatement and damage costs. This result is used in some textbook
presentations.

6.7 PIGOVIAN TAXES AND IMPERFECT COMPETITION

The main difficulty with Pigovian taxes highlighted so faris thc'e need
to know both the MNPB (or MAC) and MEC functions. But, just as
we discovered with the Coase theorem, relaxing the assumption of
perfect competition causes problems. ' :
Figure 6.5 shows the imperfectly competitive firm with private
marginal cost, MC, and marginal social cost curve, MSC. MEC is



7 - ENVIRONMENTAL
STANDARDS, TAXES AND
SUBSIDIES

71 THE INEFFICIENCY OF STANDARD-SETTING

The most common form of pollution regulation is through the setting

R ——

taxes are not widespread and are treated with some suspicion by
polluters. Standard-setting tends to imply the establishment of
particular levels of environmental concentration for the pollutant,
for example X micrograms per cubic metre, Or a percentage of
dissolved oxygen in water or a level of decibels that are not to be
exceeded. Standards are most likely to be set with reference to some
health-related criterion, for example a level of contaminants that
must not be exceeded in order that water is safe for drinking,
concentrations of sulphur dioxide and particulate matter that are
consistent with the avoidance of respiratory illness, and so on.

{ The problem with standard-setting is that it is virtually only by

Fis unlikely to secure the optimal level of externality. To seethis

i consider Figure 7.1 which repeats the familiar pollution diagram. A
standard S is set and this corresponds to pollution level W, and
economic activity level Q.. Setting standards also entails having some
monitoring agency which oversees polluters’ activity and which has_

/hi
the power to impose some penalty. If it has no powers of punishment
the only incentive the polluter has to stay within the standard is some
form of social conscience. Typically, then, standards are associated
with penalties — polluters can be prosecuted or at least threatened
with prosecution. In many countries actual legal cases against
polluters are rare because the pollution inspectorate uses its powers

to alter the polluter’s behaviour before the case comes to court.

, accident that it will produce an economically efficient solution, i.e. it =
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Figure 7.1 The inefficiency of standards.

Suppose the penalty in question is set at P in Figure 7.1. For the

standard fo work, then, the polluter must only pollute up to the .~

maximum permitted level Qs. It will be evident that Q. is not optimal =
since it is less than Q*. Indeed, unless the standard is set at O* it will ¢
not_be optimal. The standard could coincide with the optimum
provided the optimum was identifiable, a problem that is common to
the Pigovian tax solution as well. So far, then, there is not much to
choose between standards and taxes — both seem to require detailed
information on the MNPB and MEC functons for an optimum to
emerge.

But the penalty P also happens to be inefficient in this case. The
polluter has an incentive to pollute up to Os. Why? He will do so

because the total penalty up to Os is less than the net private benefits

from p_g_lll,!,tijlg.,Hé will | not go beyond Os because furthcr pollution
attracts a penalty in excess of marginal net l?engﬁts. Strictly, we need
to rephrase this finding in terms of the probability of ‘the penalty
being suffered. Remember, the polluter has to be caught by the
pollution inspector and that is often difficult where, for exafmple,
there are many polluters in the area, each contributing a ¢
comparatively small amount to the total level of pollution. The
calculation that the polluter does, therefore, is to_compare the
penalty multiplied by tl}_ewprolqapility of facing the penalty, with the

negbeneﬁt_dfpolluuﬁg Even if the penalty is certain in Figure 7.1, it

still pays to pollute up to QOs.
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This discussion should indicate quickly what the second broad
requirement is for a standard to be optimal. It is that the penalty
should be certain and that it should be equal to P*. For the standard
to be optimal we require that it be set in such a way that the output
level corresponding to the standard is optimal, and the penalty level
should be set equal to P* and have 100 per cent certainty of being
imposed for a transgression of Q*.

The difficulties of securing these conditions explains why
economists tend to be wary of standards.

7.2 TAXES VERSUS STANDARDS

The preceding section indicates a basic reason for preferring taxes to
standards. Other considerations are also relevant and are discussed
below.

. Taxes as least-cost solutions

In Chapter 6 it has already been demonstrated that if a standard is to
be adopted, a tax-is the best way of achieving it. Clearly, this is not an
issue of the superiority of taxes over standards, but a demonstration
that a ‘mix’ of standards and taxes will, generally, be preferable to
the adoption of standards alone.

Uncertainty and the benefit function

Figure 7.2 shows the basic pollution diagram but it is assumed that
there is some uncertainty about the precise location of the benefit
function. MNPB(true) shows the actual one and MNPB(false) the
wrong one. The decision-maker assumes that MNPB(false) is the
correct curve. Is the cost of his mistake bigger under a standard or a
tax? So_long as MEC and MNPB have the same (but opposite
signed) slopes, the costs of being wrong are the same and there is no
reason to preferatax to a standard. Thus, the tax 7 is set on the basis
of trying to secure the optimal level of pollution assuming
MNPB(false) is the correct curve. But MNPB(true) is the correct
curve and hence the polluter, knowing this, goes to the point where
MNPB(true) equals 1. The effect is too much pollution (Q’ instead of
Q7). The loss associated with the excess pollution is the area under
MEC between O*Q’ minus the area under MNPB(true) between
Q*Q'. This is shown as the triangle bde. i
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Figure 7.2 Equivalence of tax and standard.

Now assume the regulatory authority derjides to set a j—t%!'%gf}?e’
still believing in MNPB(false). TW%_Q:_PTV;;&VM
standards is rigidly enforced (but see S_cctlon 7.1), the leive ‘?1 e
is at Q, below the optimum Q*, and with a loss of abc. It wi e
that the two shaded triangles are of equal size and 7cll1¢.=:rrt1<:§d:c1 red ]
nothing to choose between a tax and a rigidly enforced StanCarc. =

Figure 7.3 repeats the analysis but this time the two Coeey
different slopes. In case (a) the MECcurve is steeper than ; (a;
and in case (b) it is less steep. Observation will show thellft in C'az @)
the tax solution produces a very much larger loss of we ar;,, ie. e
standard is to be prefcrrecvio. In cfase (:) 1\}2% séatrl\]cellztirg 1pt::3 s:c;s; B

i - tax is to be preferred. :
Et)gl%ie;ulsotsfhe g:r:ne if it was the MEC function about which we are
Ung?;;-’ the information requircmf:ms for Fnaking a ratlgnﬁl cb[otl;:lz |
between taxes and standards are quitfa forrrrnc;/ailrt:]l;BE_ssz?t?n g;,; the
T e O K s of MNPB and MEC then he can
n. But the reguizitor is very unlikely to know
f the functions if he does not know even the scale

relationship_betwe

the relative 's:l—bwpes o
of one of them.
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Taxes are superior to standards in one other respect. Inspection of
Figure 7.1 shows that up to Qs the polluter has no incentive to abate
pollution. He faces no penalty for wastes emitted up to that point.
But it may be socially desirable to encourage polluters to search
continually for lower cost technolog1es for reducing po]lutlon Under
the standard-setting approach this incentive does not exist. With a
tax, however, the polluter still pays the tax on the optimal amount of
pollution - recall the discussion in Chapter 6 — and hence has a
continuing incentive to reduce pollution.

Y
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Administrative costs

The tax solution is certainly costly to implement. It is also open to
legal wrangling if the tax is based on a measure of the economic value
of damage which is disputed by the polluter. Since industry typically
spends significant sums on challenging standards and regulation in
general, it is not clear that this is a real criticism of the tax solution.
The administrative costs of imposing the tax may also differ little
from those involved in ensuring that standards are kept. In both
cases monitoring is required. Standard-setting implies that a penalty
system be in place and implementable. Taxes require that fees be
collected. Some economists have argued that technology-specific
controls are cheapest to administer, i.e. regulations of the form that a
given technology must be used. Again, however, there must be
monitoring and a penalty system for disobeying the requirement.
Overall, it is far from clear that standards are cheaper to administer
than taxes - only individual case studles wlll decide the issue.

Outright prohibition

There is one circumstance in which a tax is self-evidently inferior to a
starglardj his is where the pollutant is so damaging that an outright
ban on its use is called for. In such circumstances we are effectively
saying that the MEC curve is vertical — there are infinite marginal
damage costs associated w w1th thc use of the pollutant Alternatively,
there is suc'hf'ﬁncertamty that we decide it is too risky to use the
pollutant. This situation fits a number of ecotoxins and food
additives. Clearly, there is no point in having a tax in these

circumstances since the revenues would never be collectable.

7.3 POLLUTION REDUCTION SUBSIDIES

We have concentrated on regulatory mechanisms that use the ‘stick” -
a tax or a penalty for exceeding a standard. But why not approach
the issue differently and encourage polluters to install abatement
equipment by having a subsidy on the amount of pollution reduced?
Like standards, subsidies are not popular with economists. It is
important to understand the nature of a subsidy in this context. The
idea is to give payments to firms who pollute below a certain

prescribed level. Let the subsidy be S per unit of pollution, the




8 - MARKETABLE POLLUTION
PERMITS

8.1 THEORY OF MARKETABLE PERMITS

The idea of pollution permits was introduced by J.H. Dales (1968).
As with standard-setting, the regulating authority allows only a
cemwﬂssigns, and issues permits (also known
as pollution ‘consents’ or certificates) for this amount. However,
whereas standard-setting ends there, the ;ﬂgimen_m't_s_are
tradeable - they can be bought and sold Mgzr_n_ll_lnanket

F1gure 8.1 illustrates the basic elements of marketable permits.
MAC is the marginal abatement cost curve which, as Chapter 6
showed can also be construed as the MNPB funcuon if the only way
of abatmg pollutlon is to reduce ¢ output _The horizontal axis shows
the level of emissions and ‘the number of permits: the easiest
assumption to make is that one permit is necdcd,ﬁi_?_a_(ﬂllnlt of
emission of pollution. The optimal number of permits is OQ* and
their optimal price is OP¥*. That is, the authorities, if they seek a
Pareto m"lﬁissue OQ"‘ permits. S* shows the supply
curve of the permits: their issue is regulated and is s assumed not to be
rm e oL S Lk

WWMand curve for permits. At permit
price Py, for example, the polluter w wijy_QQl permits. He does this
because, in térms of control strategies, it is cheaper to abate pollution
from @, back to Q) than to buy permits. To the left oLQ_hilowever it
is cheaper to buy permits than to abate po]lutlon MAC is thus the

demand curve for permits.
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8.2 THE ADVANTAGES OF MARKETABLE PERMITS

Why do the permits have to be marketable? There are six main
attractions of marketability.

1. Cost minimisation

Figure 8.2 repeats Figure 8.1, but omits the MEC curve. It also
shows the overall MAC curve as being the sum of the individual
poMMAC curves. We assume just two ‘polluters for simplicity.
This aggregatlon is Iegltlmate because it was shown above that the
MAC curve is the demand curve for permits: adding the curves up is
therefore the same as aggregating any set of demand curves. By
reference to the individual MAC curves of the two polluters we can
see how many permits are purchased. Polluter 1 buys OQ: permits,
and polluter 2 buys OQ: permits at price P*. Note that the higher

P
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Figure 8.1 The basic analytics of marketable permits.
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Figure 8.2 Cost minimisation with marketable permits.

cost polluter (2) buys more permits. This gives us a clue to the
cost-effectiveness of permlts Polluters with low costs of abatement
will find it relatively easier to abate pollutlon 1 rather than buy
permits. Polluters with higher costsof abatemcnt will have a greater
preference for buying permits “than for abatmg pollutlon Since
polluters have different costs of abatement ‘there is an automatic
market — low-cost polluters “selling permits and high-cost polluters
buying them. By giving the polluters a chance to trade, the total cost
of pollution abatement is ‘minimised compared to the more direct
regulatory approach of setting standards. Indeed, what we have is an
analogue of the Baumol-Oates fheorem about taxes being a

minimum-cost way of achieving a standard (see Section 6.7).

2. New entrants
Suppose new polluters enter the industry. The effect will be to shift

MARKETABLE POLLUTION PERMITS 113

Permit
price,
costs

Effect of reduced government supply
or environmental reserve group purchases

;/ - Effect of increased

----- supply of permits

Effects of new polluters

D',

Lg

o g Quantity of permits

Figure 8.3 Changing the supply and demand for permits.

the aggregate pollutmn permxt demand curve to the right, asin Figure

8.3. As long as the authorities “wish to maintain the same level of
pollution overall, they will keep supply at S* and the permit price
will rise to P**. The new entrants will buy permits if they are high
abatement cost industries, otherwise they will tend to invest in
pollution control equipment. Once again, the overall cost minimisa-

tion properties of the permit s system are . maintained. But suppose the
authorities felt that the increased demand for permits should result in
some relaxation in the level of pollution control. Then they could
simply issue some new permits pushing the s supply curve S* to the
right. Alternatively, if ‘they felt that the old standard -needed
tightening they could enter the market themselves and buy some of
the permits up, holding them out of the market. The supply curve
would shift to the left. In short, the permit system opens up the

possibility of varying standards w1th comparatwc ease to reﬂect the
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conditions of the day. The authority would simply engage in market
operations, rather like a central bank buys and sells securities to

influence their price.

3. Opportunities for non-polluters

Although it is not regarded as an intended feature of the permit
system, there is another intriguing feature of them. If the market in
permits is truly free, it will be open to anyone to buy them. An
environmental pressure group, concerned to lower the overall level of
pollution, could enter the market and buy the permits, holding them
out of the market, or even destroying them. Such a solution would be
efficient because it would reflect the intensity of preference for
pollution control, as revealed by market willingness to pay. The
danger with this idea is, of course, that a government might react
adversely to a situation in which the level of pollution it had decided
was optimal or acceptable was being altered by people who disagreed
with it. They might simply issue new permits each time the

_environmental group bought the permits. In practice, the environ-

mental group would lobby the government to issue only a small
number of permits, so that environmental quality would not be
undermined. ‘ !

4. Inflation and adjustment costs

Permits are attractive because they avoid some of the problems of
pollution taxes. As we saw in Chapter 6, even where a standard is set
and taxes are used to achieve it, there are risks that the tax will be
mis-estimated. With permits it is not necessary to find both the
desirable standard and the rclé;r_:in‘_____ X rate; it is necessary only to
define the standard and find a mechamsm for issuing permits.
Moreover, if there is “inflation in the economy, the real value of
pollution taxes will change, possibly eroding their effectiveness.
Because permits respond to supply and demand, inflation is already
taken care of. Taxes also require adjustment because of ent; entry to, and
exit from, the industry. Permits, as we have seen, adjust readily to
such changes, whereas taxes would require adjustment.

5. The spatial dimension

We have tended to assume that there are just a few polluters and that
the points at which the pollution is received (the ‘receptor points’) are
also few in number. In practice we are likely to have many emission
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sources and many receptor points. If we are to set taxes with at least
a broad relationship to damage done, it will be necessary to vary the
taxes by source since different receptor points will have different
assimilative capacities for pollution. Additionally, there are likely to
be synergistic effects. That is, several pollutants may combine to
produce aggregate damages larger than the sum of the damages from
single pollutants. This raises the spectre of a highly complex and
administratively burdensome system. To a considerable extent
permits avoid this spatial problem. To investigate this further we
need to look briefly at different types of permit systems.

6.Technological ‘lock-in’

Permits are also argued to have an advantage over charges systems
with respect to ‘technological lock-in’. Abatement expenditures tend
to be ‘lumpy’; to increase the level of effluent removal, for example, it
is frequently necessary to invest in an additional type of abatement
process. Adjustments to changes in charges are therefore unlikely to
be efficient unless the changes in the charge can be announced well in
advance and can be backed by some assurance that a given charge
level will be fairly stable over the short and medium term. The charge
approach also risks underestimating abatement costs. For example,
if the aim is to achieve a given standard, then, together with the
regulating authority’s assessment of abatement costs, this will
determine the relevant charge. If the authority is wrong about the
abatement costs, however, the charge could be set too low in the
sense that polluters will prefer to pay it than to invest in abatement
equipment, thus sacrificing the desired standard. This reluctance of
polluters to invest in equipment will be strengthened by the
previously discussed ‘lumpiness’ factor. A permit system generally
avoids this problem of lumpy investment, the authority’s uncertainty
about abatement costs, and polluters’ distrust of charges. This is so
because the permits themselves are issued in quantities equal to the
required standard and it is prices that adjust. M&equﬁnces of

simply that the price of permits is forced up (S,Lngc_lhemdﬂmand for

them is determined by abatement costs, as we saw), whereas the

enwm tal standard is 1s mamtamed (Rose-Ackerman, 1977).






